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' Headache Ball:

Headache Ball
Restrainer:

Lift Bar:
Spring Rod:

Springs:
Spring Retainer:

Anchor Bar:

Vertical Supports:

Clemp Body:
Clamping Cam:

Guide Cam:
Roller Guides:

Down Side:

- Footblock:

Nomenclature

Welght used to counteract ho;st cable.
weight. : FRES .

Frame to prevent headache ball from strlk-
ing top of cage.

Bar which links_ hoist line to safety clamps
and springs.

Tension rod which transmits force of springs

"to lift bar.

Steel alloy compreesion springs.
Housing for sprinc protection.

Bar to ancilor springs for compression. May -
be part of personnel cage or bolt-on assem-
bly for cage.

Part of the anchor bar assembly. Cams pivot
on this piece.

Steel plate-bent into "U" shape, whicn pro-
vides surfacc against which safety cable
can be clamped by the clamping cam.

Stainless steel bar with hardened curved
surface which wedges safety cable into
clamp body.

Steel bar which keeps clamp body in proper
position parallel to safety cable.

Nylon rollers to keep safety cables cor-
rectly positioned. in the clamp body.

(Referring to hoist line) The vertical
section of hoist line between the foot-
block and the cathead.

Fixed sheave located at chimney base rout-
ing the hoist line from the hoist to the
cathead.
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Personnel Cage:

Cathecad:

Quick Release

Device:

Safety Cables:

Nomenclature (continued)

(Otherwise called cage) Personnel
conveyance device which, when connected
to the end of the hoist line, is used

" to transport personnel from ground level

to the work level.

llorizontal bcam clement spanning chimncy
or grillage with two fixed sheaves pro-
viding overhead support and direction
for the h01st cable.

A link hooked in series to the hoist
line, which can be remotely opened simu-
lating a break in the hoist line.

(Otherwise called guide cables) Vertical
cables suspended from the cathead or gril-
lage providing backup support upon which
the safety device catches when actuated.
The cables also guide cage, preventing
swaying and rotation of the mancage.




Introdectieh'“f

' This‘report'deSCsibes:the pé£f55555ce”tés£in§ Of:e'per-
sonnel cage safety system used 1n the constructlon of large
chlmneys. The 1nvestlgatlon dlscussed in’ thls report was.
conducted by the National Chimney Construction Safety and
Health Adv1sory Committee. |

The objective of this lnvestlgatlon is to demonstrate
that the safety system, currently in use by member companies,
will stop the persennel cage in the evenm.afa.failure in the
hoisting system. This study uses two methods to achieve this'
objective, one a theoretical appreach.end the other a series
of physical tests demonstrating the operation of the safety
system. . |

Although the member companies do not have identical equip-
ment, the basic principles and eoncepts described in this re-
port arc the same for all member companics. Configurations
and dimensions of equipment may vary based on individual

requirements.




ii Personnel Cage Safety System
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Ir.1l Explanatzon of Safety System Operatlon f'

: The purpose of the cage safety system (Flgure 1) lS to
arrest the free fall of the cage if the main hoist llne should
fail. This is done by engaging a set of clamps on the two
1/2-inch diameter wire rope safety cables suspended from above.
Figqures 2 and 3 illustrate the actuatioh of the safety device.

In Figure 2, the safety system is showh during normal
hoisting operation. The load in the hoist line is larger than
the load in the sprlngs. This causes the springs to compress.
therefore the lift bar must ﬁove up fh_reiation to the anchor
bar. Note that the spring compression is limited by the spring
retainer. This protects the spring from damage due‘to exces-
sive compression. When the lift bar is raised, the clamping
cam is rotated so that a space between the clamping cam and
the clamp body is created for.the safety cable to pass through.
The personnel cage is then free to be raised or lowered.

In Figure 3, the hoist line has been broken. The actual
load on the lift bar is'a'function of the\dynamics of the
hoist cable being overhauled. When the spring compression
overcomes this load, the lift bar is forced down causing the
clamping cam to totatevas‘shown. This rotation wedges the
safety cable between the clamping cam and clamp body locking

the cage to the safety cables.
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| force. Page 3 of Appendix A shows the calculation of the re-
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'An example of a headache ball restrainer is shown in

Figure 1. The leadache ball restrainer prevents the headache

- ball from damaging the safety clamp mechanism'and protects

the personnel inside the mancage. The restrainer also pre-
vents the headache ball from moving laterally and vertically

with respect to the mancage. p

I1I.3 Spring Force Calculation

II.3.1 Rigid Body Analysis

To adjust the broken cable safety device properly, the
cage weight, passenger weight, headache ball weight, and cable
weight must be considered. All these variables must be known
in order to compute the spring force required for operation
of the.clamps. Pages 1 and 2 of Appendix A illustrate the

derivation of the rigid body formula used to compute the spring

quired spring force for the mancage used in this test program. -
Rigid body analysis is more conservative than non-rigid
body analysis, and therefore was used to determine the spring

compression in the tests of this investigation.

II.3.2 Non-Rigid Body Dynamic Analysis

To describe more accurately what happens when a hoist
cable breaks, a computer program was written. The program
performs numerical integrations to determine the velocities,.

forces and accelerations of the personnel cage.
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11322 .sr.Non-'Ri‘gia quy'nynamig z.s_‘ne;ysi's?t(»ccihtinuea)“:: '

',r The-program is geueral s1nce:the cable can be broken at
_any'locatlon. Any helght, welght, area, or modulus of elas-
t1c1ty of cable can be used. Other varlables 1nc1ude the
welghts of personnel cage and}headache ball, and spring stiff-
ness. o | ~4 |

'This analysis is called a time:hietbry structural anal-
ysis. Accelerations, velocities and displaéements are computedv
for increments of time using the results from the previous
time interval to initiate succccdiug intervals until the érb-
gram stops when the safety device engeges, Because of the
nature of the analysis, a very small time interval should be
used (approximately 0.001 seconds). This program is described
in Appendix B.

An example using the computer ﬁrogram is shown in Appendix B.

This computer run simulates a 900-foot chimney corresponding

to the field tests. Using the weight of the personnel cage as

2160 pounds and using'calcuiations as defined in Appendix A, a
spring compression of 1400 pounds was input into the program.
The cable.length and weight were also input. The field tests
at Manchester, Ohio, demonstrated that the clamps epgaged and

stopped the personnel cage as predicted by the computer program.
II.4 Safety Guide Cable Tension

The safety guide cables are tensioned to minimize swaying

and rotation of the persannel cage. The operation of the
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ety Guide Cable Tension (Cdntinued)

‘II.4 Saf

safé£§:6évicg.is indépendent Of'ﬁhe.gﬁidéﬂéable tension{.‘The.
magnitudé~of'cage swaj‘énd”rotaﬁiod is[é-futhion’of the cable's
résiStanCe to lateral mofionQ -fhis';gtéral resistance>is, in
turn, a function of chimney héight"and dable tension. To main-
tain thé same range of lateraliresistance, the cable tension
must increase as chimney height inéreéses._ However, it is
reasonable to keep the same tension through the construction

of any givén chimney. In all cases a minimum of 200 pounds

tension should be applied to the foundation end of cach guide

cable.

III. Experimental Investigation of the Personnel Cage Safety
System

III.1 Statement of Approach

The objective of this experimental testing program was
to examine the effectiveness of the personnél cage safety sys- :;
tem in the event of any hoist line failure. Hoist line breaks |
were simulated both in a chimney simuiation facility and in
an existing chimney. Safety system performance was evaluated
by monitoring:

a. Magnitude of loads in the safety cable

b. Safety.dévice actuation

c. Accelerations in the personnel cage




' iiiN2 CTéé%’at‘Chimney Slﬁﬁiétlon Faclllty.

III 2 1 Test Fac111ty

- of vertical clearance for personnel cage travel (Fiéure 4).

Page 9

(10, 11 June and 16 July 1980) ;

" A test facility to pe:fotm static and dynamic tést$ has

been eStablished at the Pullman Power Prqducts Warehouse in-

Kansas, City, Missouri. A steel tower was erected with 65 feet

Personnel cage hoisting was prbvidé& by a ground-mounted singie

—
o

drum hoist. The hoist line was routed over a fixed footblock
and two sheaves on the cathead. This arrangement is representa-
tive.of construction equipment used in the field and can be
used to model various chimney heights.

Chimney height and cable size were simulated by using an

appropriately sized counterweight to represent cable on the

down side of the hoist line. A quick-release device simulated

- ik - L -‘ ""1- -

cable break above the cage or between the footblock and hoist

(Figure 5).

Occupant weight was simulated by using weights in the
personnel cage. Vertical and horizontai accelerations in the
cage‘were measured with an electric resistance accelerometer.
Forces in the safety lines wére measured with through-type
strain gage load cells attachéd to the lines with strand chucks
(Figure 6). Tension-link strain gage load cells were connected
in line to measure force above the headache ball and above the
counterweight in the hoist line (Figure 7). All load cells
were electronically calibrated during setup. The accelerometer -
was calibrated using the 1 g (32 ft/sec?) acceleration. caused

by gravity.
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to Simulate cable Break

Figure 5 Quick Release pevice Used

Figure 4 Kansas city Test Facility
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I1I.2.1 Test Faciiifyfkcbntinued)k. R

A ground level instfument shelter contained power sup-
plies, filters and amplifiers for the transducers mentioned

above. Output was recorded on an oscillograph.
III.2.2 Procedure

A.chimney height of 1000‘feet was simulated by using a
900 pound counterweight to represent 1000 féet of 3/4 inch
hoist line. A 600 pouna headache ball was used above the
personﬁel cage. |

The springs on the safety device were adjusted using
compression forces based on theoretical considerations as
explained in Section II.3 of this report. Peréonnel cage
tests were performed with the following simulated occupant

weights:

‘Cable Break Between Footblock and Hoist

Hoisting Down Hoisting Up
Stationary (about 250'/min) (about 250'/min)
Empty Empty Empty
8004 800# 800#

Cable Break Above Headache Ball

Hoisting Down Hoisting Up
Stationary (about 250'/min) (about 250'/min)
Empty Empty Empty
- ; 400% -
800# 500# 800#

- 10004 ‘ -

Page 12
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In preparatlon for the“fleld'test; ‘ ; _
was s;mulated. A 600 pound headacne ballvwas used.i The sprlngs

were 1n1t1ally adjusted u51ng calculated,values for a chlmney (i

ducing the compression until the safety clamp would just en-

gage durlng a static test with a break between footblock and

hoist. This spring force redﬁction ihcreased the severity of
the test. .This adjustment would not be made during normal

personnel cage setup.

900 feet tall. The sprlngs were then further ad]usted by re- ) qﬁ"
III.2.3 Results l

Oscillograph plots of tests are included in Appendix C.

A typical plot is shown in Figure 8. ﬁp to five variables are
recorded on each plot. Traces 1l and 2 are safety.line loads,

3 is acceleration measured in the cage, and 4 and 5 are forces:
in the hoist line. When traces 1 and 2 are compared to 4 and
5, time can be measured from the initial. load decrease in hoistf;

line until the safety device catches on the safety line. This |

time is. the actuation time for the safety device and typica;l&f:;
ranges from 0.05 to 0.15 second. |

Safety Cable loads. The results of the 1000 foot chimney

simulation are listed in Tables 1 and 2. Table 1l includes A
tests performed during the first test session (10, 11 June 1980) .
These tests were'coancted primarily for demonstrative purposes
and some data may be incensistent since fewer variables were |

controlled than in subsequent tests. Table 2 includes tests
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‘Table 2 _
KANSAS CITY TESTS 7/16/80 - SIMULATE 1000' CHIMNEY

Cage Wt. - 2160%#; Headache Ball Wt.‘— 600#

Static or Break Load Ave. Max. Force Safety Device

Test § Dynamic* at In Cage . In Safety Cables Actuation

' (1bs) (kips)

- sl sta cage 0 - 3.68 worked
s2 sta cage 800 4.54 worked
S3a dyn cage 800 10.44 worked
S3b dyn cage 800 11.63 worked
S3c dyn cage 800 11.85 worked
S4a dyn cage 1000 -11.95 worked
S5a dyn cage 400 9.75 worked
S5b dyn cage 400 10.11 worked
Sé6a dyn. cage 0 9.09 worked
S6b dyn cage 0 9.33 worked
S7a sta hoist 0o 1.62 worked
S8a sta hoist 800 2.59 worked
S8b sta hoist 800 2.68 worked
S8c sta hoist 800 2.72 worked
S%a dyn hoist 800 7.92 worked
S9b dyn. hoist 800 8.60 worked
S9c dyn hoist 800 9.99 worked
§94 dyn hoist 800 10.15 worked
S9%e dyn hoist 800 10.32 worked
Sl0a dyn hoist 0 5.53 worked
S1l0b dyn hoist 0 7.62 worked
S10c dyn hoist 0 6.89 worked

 s10d dyn hoist 0 7.03 worked
Sl0e dyn hoist 0 8.35 worked

*Dynamic = Hoisting Down
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b:performed durlng the second sesszon (15“ uly 1980 ;ﬁchte.tbat

the hlghest loads occur 1n the safety cable when hozstlng down -
and the cable breaks above the headache ball. Thls conflgura-
tion was tested with three d1s51m11ar personnel cages and the
results are plotted in Flgure 9. The results are . consxstent
and indicate that a properly adjusted safety dev1ce will pro- .
duce predictable loads in the safetyicables;

Analysis of‘the data plotted in Figure 9 yields the fol-
lowing linear relatiohship between safety cable force (F) and
weight of personnel cage (including occﬁpants and headache ball):

F = 3.01W + 645.4

~This is a conservative estimate of the highest force imparted

to the safety cables since this simulation is more severe than
most field cases.
Stationary and hoisting up tests with cable break above

the headache ball caused lower forces in the safety cables

- than in the hoisting down tests (Figures 10 and 11).

In all cases testéd, cable break between the foctblcck
and hoist caused lower safety cable forces than the correspond-
ing tests with cable break above the headache ball.

Safety Device Actuation. To confirm the safety device

actuation, various tests were performed. The worst case for

safety device actuation occurred when the cable break is be-

., ‘tween the footblock and the hoist. In all the tests performed

at the test facility, the’safety device actuated progperly

when the springs were correctly adjusted.

i WS T EE E S N . ..
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Accelerations. High frequency (greater than 100Hz)

accele:ations (5-10 q) obscunainea:ly al1‘usuab1e data from

‘tests on 10, 11 June. The high frequehéy aéciérations were

caused by stiff components of the personnel cage roof where
the accelerometer was mounted;' bﬁrinq testihg on 16 July a
two-stage low;pass filter was used to screéﬁ out high fre-
quency signals.

The highest sustained acceleration (ldnger than 0.1
second duration) was 1.45 g. This valuc was rccorded in nu-
merous tests and is a good estimate of maximum sustained accel-
eraﬁion in a personnel cage with a properly adjusted séfety

system.

Clamping Cam. The clamping cam has a hard alloy facing

on the end which engages the cable. Radial cracks have been
found in the facing on new, unused cams. During testing,
cracks were observed on some of the cams, both before use and
after fepeated operation of the safety system. Three cams
were submitted to Puliman Power Products Williamsport Metal-
lurgical Lab for further investigation. A full report on
this investigation is contained in Appendix D. This report
concludes that the cracking is not detrimental to repeated
operation of the safety device.

900 Foot Chimney Simulation. Results of the 900 foot

chimney simulation are listed in Table 3.
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_WIII. 7 Fleld Tests (12 August 198

f“iIII 3.1 Fac;llty

Fleld tests were performea atva 900 foot chlmney under

coastructlon by Rust Ch1mney b1v1s10n. ,Personnel cage h01st-
ing was accompllshed with a ground-mounted smngle drum hoist.
The hoist line was routed ovcr a flxcd footblock and two
sheaves on the cathead. This setup<ls sxmllar to that used
by all member chimney companieS‘durihg cohstruction} A quick-
release device was used to simulate a hoist line break above
the cage or between the footblock and hoist.

| Occupant weight was‘simulated by usiné weights‘ia the
personnel cage. Horizontal accelerations were measured with
‘an electric resistance accelerometer. Forces in the safety
lines were measured with throuéh—type strain gage ioad cells
attached to the lines with strand chucks. Load cells were
electronically calibrated during setup. The accelerometerA
was calibrated using the 1 g acceleration caused by gravity. L

Power supplies, amplifiers, filters and oscillograph |

were set up on the workdeck near the top of the chimney.
III.3.2 Procedure

The cage prepared at the Kansas City chimney simulation

facility on 16 July 1980 was used in the field test. Personnel
cage tests were performed with the following simulated occupant

. weights:




'11I.3.2 Procedure (Continued)
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Cable Break Betweern Footblock and HoiSé;ﬁ;:.' .
Personnel Cage Near Ground Level S ‘ 4

Hoisting Down

Stationary {about 250'/min)
Empty - Empty
800# - 800#

Cable Break Between Footblock and Hoist,
Personnel Cage Near Cathead

Stationary

800#
III.3.3 Results

Safety Cable Loads. Oscillograph plots of the field

tests are listed in Appendix C. The results of the field .
tests at the 900 foot chimney are listed in Table 4. The
loads in the safety cables were equal to orAleSS'than in the
simulations for all cases except the statiq case with the
personnel cage near the cathead. 1In this case the safety
cable loads were higher than similar simﬁlations but lower
than the critical dynamic (hoisting down) case.

Safety Device Actuation. The safety device was set up

with minimum spring compression as described previously

(IIT.2.2). The safety device actuated properly for all field'

tests.

Accelerations in the Personnel Cage. The maximum hori-

zontal acceleration perpéhdicular to the safety device was
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III.3.3 Results (Continued)

3.4 gs This occurred once at approximately 40 Hz. The next
greatest. acceleration was}0.4 g at aéproximately 5-10 Hz.

The maximum horizontal acceleiation parallel to the safety
device was 2 g. This also occurred at a rélatively high fre-
quency of 40-60 Hz. The highest recurring acceleration wﬁs
0.8 g at apﬁroximately 5-10 Hz. -

During the horizontal acceleration tests and many other
tests, the cage shimmed with negligible higl_'z frequency lateral
displacements. The only appreciable lateral movements were
slow osciilatiqns, typically:l-z Hz, ;ith corresponding accel-

erations less than 0.05 g.
II1.4 Discussion

The dynamic testin§ provided a severe environment for
transducers and instrument wires. Load cells and accelero-
meters were damaged and instrument wires were frequently -
broken. This explains those oscillograph plots with inter-

rupted or unusual output.

III.4.1 Safety Cable Loads

Safety cable loads have‘been accurately measured for
various simulated'hoist line breaks at the Kansas City facil-
ity and in the field. These measurements are shown in Table 1
(Page 15) for the Kansas City tests and in Table 2 (Page 16)

for the field tests. As expected, the dynamic tests (hoist-

ing down) lead to greater safety cable forces.
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rTwc aspects»of thesebresults may app’ar 1nco_s;stent.“
v"Flrst, from Table 4 (Page 2:) the safety cable forces for

Va break at the ho;st were hlgher when the personnel ‘cage was

'near the cathead than when the cage was near the foundatlon
(compare tests FAl w1th test FBl - see Appendlx C). .When the
personnel cage is near the foundatlon, however, the hoist-
side cable merely counterbalances the weight of the cage-side
cable.

The calculations in Appendix E show that the safety
cable forces are a function of thevcabe»weight (W), the stiff-
ness of the safety cables (k), the clamp actuation rime (to)
and the initial velocity of the cage (v,), In particular,
the forces are larger when the frequehcy of the sysrem is
larger. |

The combined stiffness of the two safety cables is

_ 2AE
k = S22

so that a longer cable yields a lower stiffness. Comparing
the stiffness of 20 feet of cable with that of 900 feet of
cable, -

k
20

k= 285 lb/in
900

12,800 1lb/in

Thevfrequency of the safety cable-cage system near the cathead

and foundation are

_ 12,800 g
Wp T 2760 - 900

w_ = 285
B 2760 = 6.32 rad/sec

= 51.6 rad/sec

o )
it i P N v soT : ! i L N LI, ;!
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Even though the effectlve mass to be stoppedyms smaller near
the cathead, ‘the much‘hlgher frequency of tﬁat system can
lead to larger safety cable forces. | .

The second apparent inconsistency occurred in the static
test for a break above the,persopnei cage. Since no hoist
cable is being overhauled, the test.facility results and
field results should be identical. The safety cable forces
observed in the field are-higher when comparing Test S2 from
Table 1 with Test FCl from Table 2. This discrepahcy is ex-
pleined by the difference in frequency. At the test facility,
the personnel cage was approximately 50 feet below the cat-
head so that the stiffness of the safety eable system was

kso = 5100 1b/in

Therefore, the frequency of the field system was higher than
the frequency of the test facility system. The forces meas-
ured in the field for this test were higher than the forces

measured at the test facility.
IITI.4.2 sSafety Device Actuation

The safety device actuated properly for all tests in
which it was adjusted as detailed in Section II.3.1 of this
report. A stationary test with cable break at the footblock

was used to verify proper actuation of the safety device.

Page 28




Page 29

111;4;3,iAcceiefetiehslin the Persbﬁﬁél o

Acceleratlons occurrlng at hlgh frequenc;eS“have such ;*””

short duratlons that they result in small veloc1t1es and dls- .

placements. hroughout all fleld and 51mulatlon tests, the
highest accelerations occurred at hlgh frequenc1es and would

' not be detrimental to personnel in the cage.

III.5 Endurance Testing

I11.5.1 Procedure

In this series of tests, the 2160 pound‘cage was stati-
cally tested with break above the 600 pound headache ball.
The safety device was adjusted as detalled in Sectlon II.3. l
of this report. This session was composed of four sets, each
set consisting of 36 drop tests for a total of 144 tests.

The vertical personnel cage position was determined by meas-
uring cage location before and after each test. The clamps'

were removed and examined for wear after each set.
III.5.2 Results

Test results are tabulated in Appendix F. No noticeable
clamp wear was detected throughout the testing. The safety”

device actuated properly in each of these tests.
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IV. Conclusions

i; A procedure 15 presented for calculatlng the sprlng
force requlred for safety dev;ce actuatlon.

2. The exlstlng safety device, when properly adjusted,
will engage the safety lines and stop the descent of the per-
sonnel cage when the hoist line breaks.
| 3. The accelerations inside the personnel.cage during
an emergency stop are not severe enough to be detrimental to
occupants.

4. Throughout this program, the pérsonnel cage safety
system was reliable and perfomed the funcfion‘for wnich it

.was intended.

o S L



Appendix A

Rigid Body Analysis for Proper
Spring Compression Force
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Appendix B.

Non~Rigid Body Dynamic Analysis
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II. Then reads in:

FortranprogranpresentedmAppaﬂmB3hasbemdevelopedmcmputeﬂ1etme

‘histary data for the model depicted by Figures No. landNo. 2oprpend.1xBl.
~ More spec:.flcally, afterthe user spec:.fles

thenmberofcmcentratedmsspomtsdes;redalongtrelmgthsofcablem
and XL3,

DELT, thetmemcrenent (mseconds) atwl'u.dzthetmeh:.storydatalstobe
cozrp:.led,

SMAX, the maximum relative dlsplacement (in feet) to be allowed between concen-
trated weights W(l) and W(2),

COUNT, the maximum number of iterations at wh:n.ch the time hls‘.:ory conputat:.ons
are to be permitted,

-

TPRINT, the time increment (in seconds) at which the time history data is to be
outputted,

FLIMIT, the specified constant force (in pomlds) at the downside end of the
support cable,

VERT, a positive value for the case W(LIMIT) is assumed to be hanging (i.e.,
Figure No. 2 of Appendix B.l applies),

program:

I. Starts by camputing (at the time of release):
a. Nr=the nunber of concentrated mass points on the mancage side of the cable,
b. NB=the nunber of concentrated mass points along the cable length XL3, R
c. LIMIT=the total number of concentrated mass points in the system,

d. PRINT=the total time (in seconds) at which the first iterative time
history data is to be listed,

a. WICABLE=the weight (in lbs. per foot) of the support cable,

b. WICAGE=the mancage dead weight (in pounds),

C. WIPASS=the mancage load (in pounds), .
d. WIBALL~the weight (in pounds) of the headache ball above the cage,

e. W(LIMIT)=the weicht (in pounds) of the weight at the end of the down-
side of the support cable,

the lengths of support cable XILl, X2, and XL3.




W),inthe system; where

'W(2) WTBALL

e, forall2< = < NF,’

W(J) = the proclucf of XL'I and WTCABL dwnded by XNF

d. for all NF < J < LIMIT,
WJ = the product of XL3 and WTCABL divided by XNB
V. the computes (in slugs) the, rcspcél’ive, masses W(J) <‘>f thf: conccntrofcc’ weights W(J)

V.  then computes F(1,J); the initial or static forces (|n pounds) in the system just before
release. That is:

K

a. forl“J‘NF

F(1,J) = Z"; w(1)

i . .
T 2. Lo ) )
!':;:""'r""-l" o - g

b. for NF < J <LIMIT ' o -
; o
FLO=FILNR) - S w()
I=NF+1
c. forJ=LIMIT F(1,J) = FLIMIT

VI. Then computes the initial velocities, occelerohons and displocements of each of the
concentrated mass points, under the assumption that the system was at rest and the
backside cable was quickly released from the weight W(LIMIT). More speclﬁcally, i
by defining for each of the J mass points: .

.a. VEL(1,J) = the starting velocity (in feet per second) at the beginning of any
time increment, T.

b. ACCEL(1,J) = the starting acceleration (in feet per second squored) at the -
beginning of any time increment, T. :

c. DISP(1,J) = the starting displacement (in feet) at the beginning of any time
increment, T.




VII.

ViI1.

__ ]
4

) the program assumes mltnlly

a. for the J mass pomts that.'

VEL(1,J) =
DISP(1,J) =

b. for all J <LIMIT
ACCEL(1,J) = 0.0

:md

c. for J = LIMIT

i. [lor VERT> 0
ACCEL(1,J) = F(1,J-1) - W(J) - F(1,J)
M(J)

ii. for VERT £ 0 ,
ACCEL(1,J) = F(1,J-1) - F(J)
: M)

Tf the above initial conditions are not acceptable to the user, the program
allows at this point the-capability to everride these valucs. More specifi-

cally, following the input instructions given in Appendix B.2, the user

can use the input variables XINIT, XJ, VELORG, ACCORG, and SORG to assign
any specificd values for initial Vlil,(l,.l), ACCEL(L,.0), and DISP(L,.J) for

for any J mass point. When assigning such values, the user must keep in
mind that the programmed sign convention is such th.tt all velocities,
accelerations, and displacements consistent with a counter-clockwise
movement of Figure No.lof Appendix B.larc positive. For example, if the
mancage werec moving upward at a constant velocity at the time of relcase,
this would require a negative VELORG to be assigned to all the J mass points.

At this point the program cxpects to read in values for

a. SPRCAB = thc spring constant (lbs per foot) desired between W(l) .md'
(2),

b. - SPRSET=the initial sprmg force (in pounds) between W(1) and W(2),

c. ECABLE=the modulus of elasticity (in pounds per square inch) of the
support cable,

d. ACABLE=the cross-section area (in square inches) of the support
cable,

c. TRICT(1)=the frictional loss as the cablc passes over Support A
(i.e., a dimensionless decimal fraction),

f£. FRICI(2)=thc frictional loss as thc cable passcs over Support B(i.e.,
a dimensionless decimal fraction),

g. FRICT(3)=the frictional loss as the cable passcs over Support C(i.e.,
a dimensionless dccmal fraction).




X,
- computed. That is:

X1,

Xll.

X,

" a. for K(1), the program assngns rhe specnf’ed value for SPRCAB

At fhls pomf, the cable sprlng constants (l ev | AF/L; in poL gg_vr;fc;u’t_') are

b. for1<J<NF:  K{J)= ACABE (ECABLE)

[XLI/(XNF-!-W
¢. for J=NF: K(J) ACABLE (ECABLE) | |
- IXC/(XNFHIT + X2 + TXL3/(XNB+ _ | l
vand - | |
d. for NF<J <LIMIT: K(J)=ACABLE (ECABLE) I
' [XU3/(XNB + 1))
At this point the program has been written to assign the initial cable forces to l
an array FO(J). These are the forces associated with the spring constants K(J) .
just prior to the instant of relecse. I
The program then computes and prints out ACRIT, the critical acceleration (in
feet per second squared) at which the weights W(1) and W(2) will no longer be l
assumed to move, snmultaneously, together. It computes this value as:
ACRIT=W(D) - FO(I) S | '
M(T) ' -

Then for each of the concentrated mass points, the progrom, then, lists ifs,
associated, computed W(J), M(J), FO(J) and K(J) values.

When the progrom reachs this point of the analysis, it is ready to begin the complhng>
of the time history data. To accomplish this, the following variables are used:

a. TIME = used to uccumulote the total time (in seconds) from the moment of reledse

b. ACOUNT = a counter that keeps trock of the number.of lterahons in order io
assure the value specified for COUNT is not exceeded,

c. CHECK = a variable used to indicate whether or not ACRIT has been reached.
That is once ACRIT has been reached, CHECK will be assigned a value of 1.0
_to indicate that in all further interations it'will no longer be assumed that W(])
ond W(2) move, ssmultoneously, together.

3,
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More specifically, after beginning by setting:

. TIME
ACCOUNT
CHECK
T

the following programmed steps arc repeated:

STEP A: Checks to sce if ACOUNT excecds the specified value for COUNT. 1If
it does, then the analysis is ended; otherwise the analysis procecds

T = a variable used to give the time increment at which the next iteration
or time history data is to be compiled.

VEL(2,J) = the comqued velocity (fps) for M(J) at the end of the time increment |

DISP(2, J) = the computed total displocement (feet) for M(J) at the end of the
time increment T, -

. ACCEL(2,J) = the computed acceleration (feet per second squared) for M(J) at

the end of the time increment T. -

F(2,J) = the cable force (in pounds) beiween M(j) ond M(J+1) ot the end of
the time increment, T.

ACHECK = is the acceleration to be assigned to W(1) and W(2) as long as

- ACRIT is not recched.

DIFF = the fraction difference between ACHECK and ACRIT computed as:

ACHECK - ACRIT
ACRIT

F1=1~FRICT(1)
F2 =1 - FRICT(2)
F3 =1 - FRICT(3)

DIFS = the relative displacement (in feet) between W(1) and W(2) computed
as W(2) displacement minus W(1) displacement. :

to STLP B.




i For cach of the concentrated J masses,

‘the velocities and displacements
~ . at the end of T are computed as: = " .o e

VEL (1,9 + [AccEL@, ) * 7] : ,_
DISP(1,J) 4'.,{VV[V'13L(1,"J) * 1) + fo.s*acciLq,) * 'rZJ} |

STEP C: .Tor all mass point JSNF, the cable forces at the end of T are computed
as: ’ ' : ' :

VR @2,3)

- DISP(2,J)

F(2,J) = FO() - {x(.ni [msp(z..ﬁn -fmsp(z,.n]} |

STEP D: Checks to sce how many mass points. h:ﬁrc been specifiad on the backside
of the cuable. More specifically, if (NB=0) then STEP E is skipped.
STEP E: When (NB} 0), then for (NF <.J<LIMIT) the cable forces are then, also, .
T computed as described in STEP C; however, none of these F(2,J) are
permitted to go below zero (i.e., compression not permitted).

SIEP F: The force F(2,LIMIT) 4s set equal to.specified valuc for F(,IMIT)-

STEP G:* The program then checks to sce if ACRIT has been reached. That is, if
the variable CHECK is preater than zero (0.0) at this point, the analysis
is rooted to STEP L. Otherwise, the analysis proceeds to STEP il. -

™ 'STEP H: Here the program computes the acceleration ACHECK as:
W(1) + W(2) - F(2,2)
M(1) + M(2)
STEP T:  The progrim then compares ACHECK to ACRIT. 1€ AGIECK is not greater
.. than ACRIT, then both accelerations ACCEL(2,1) and ACCEL(2,2) arc
assigned the value computed for ACHECK and the analysis process to
- STEP M. Otherwise, STEP J is next.
STEP J: At this point if CHECK is greater than zero (0.0), the analysis is .
: - .rooted to STEP L. Otherwise, STEP K is next.
- STEP K: Here the value DIFF is computed, and as long as it is greater than
i 0.001, then T is reduced by 1/2 and the analysis returns to STEP A.
Otherwise, it is assumed that DIFF is small enough to assume tha
ACRIT has been reached and the variables: :
1. CHECK is set'equal to one (1.) and
2. T is reset to DELT for all further iterations.
The analysis is then rooted to STEP L.
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STEP M:

STEP N:

STEP O:

- llen. the dx_u.lemtlons fol Mﬂ .md M' )
3 "1nc..x cment arc computed separ.ntcly

' :\CCLL(’ l)

_ and the :malvsxs is rooted to S’TI‘I’ M.4

B=7
at vthc cend of the time

R - FE,1)
(D

W(2) + F(Z 1) - 1(7 Z)
_ M(2)

1\CCEL (2,2)

Then the accelerations for the xcm.nnnu, miss pmnh on the mincage
side of thc support cable (i.e., for 3=J=NF) arc computed as:

.ACCEL(2,J) = Q) + rcz,.g 1) - F(2,J)

- Then on the backside of the support c.ablc, the |)10L,l’dm computes the

cable forces as cither:

When (NB=0), J = (NIF + l) = LIMIT and -

 i. for VERT20 | |

ACCEL(2,J) = F(Z,ND)_* F1 * 12 * F5 _ - F(2,.])
ii. for VIRT>0 mEs L

ACCEL(2,J) = E(Z,NF) * FL * F2__- W(J) - ¥(2,])
- M) _

or
When (NB 2 0)
a. forJ= (NF+1)
ACCEL (2,J) = [F(2,NF) * F1 * S%Z}])-"\V(J) - F(2,J)

b. for (NF + Z)SJSLIIL111'
ACCEL(2,J) = F(2,J-1) - W(J) - F(2,J)
: M(J)

c. for J = LIMIT
i. for VERT£0

ACLLL(Z J) = [F2,3-1) * 13) - F(2,J)
M(@J)
1i. for VERT20

ACCEL (Z,J) = F(2,J-1) - W(J) - F(2,J)
M(J)

Here the counter, ACOUNT, is increased by one (1) and the clock, TIME,
is increased by the time increment, T. ‘This gives, respectively, the
identification number and time of the current itcration. If at this
point in the analvsis, the iteration is the first (i.c., ACOUNT = 1),
then before proceeding to STEP P, the program will list for each of the
J mass points its initial or starting velocities, displaccments, cable
support force, and accelerations, respectively, in units of (feet per
second), (feet), (pounds), and (fecet per second squarcd).




STEP R:

STEP S:

STEP T:

the time mcrcmcnt.

b. ‘Totul displacement (in feet).

- Here the program gets ready to begin the next iteration by settmg all

liere for cach 1tcratmn thc pro;,ram ;,.wes ,,;tablc hatmz.. at .the cnd of :

’I‘otnl clock time (m sccondb) f rom thc momuu: oI' wlca:c.

The relative displacement (m f cct) bctwccn W(Z) and W(l)
I\nd for cach of J mass points, J.Lb. S

a. Velocity (in feet per ‘second)

c. Support cable force (in pounds).

and

d. Acceleration (in fect petr second squared)

At this point, if T cquals DELT, the PRINT time check variable is
increased to the next time period by the interval amount TPRINT,
before going to STEP S.

Here the program checks to assurc that DIFS docs not continue past the - .
value specified for SMAX. More specifically, if at this point DIFS is

greater than SMAX, the analysis is ended. Otherwise, the amlysm
proceceds to STTP °T.

required, period complled data to their, respectlve , next period
bcgmnmg, values. That is here before going back to STEP A and rc:.tcra-
tuxg the program sets

VEL(1,J) = VEL(2,J)
DISP(1,J) = DISP(2,J)
ACCEL(1,J) = ACCEL(2,J)
F(1,J) = F(2,J)

for all the J mass points.
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Appendix B.2

Input Dataset and
Definition of Input Variables

L ) o
ey B




XL
XL2'
XL3
XNF
XNB
DELT
SMAX

COUNT
WTCABL

WTPASS

WTBALL
W(LIMIT)

XINIT

. at th° time of releuse, the Iength of ccble (m feet) befween l'he headoche
. ball above the mancage cnd the verhcal support A, .

DESCRIPTION OF INPUT VARIABLES

the distance (in feet) between (Support A) and (Support B).

~ the distance (in feet) befween (Support B) and (Supporl' C) or when no (Support

C) is assumed it is the length (in fcct) of cable hongmg from (Support B) at the
time of release. v _

the number of concentrated mass points to be specified as making up the cable
length XL1. : :

the number of concentrated mass pomts to be specnfied as making up the cable
length XL3. :

&

. the specified (in secohds) time increment at which the fime history iterative

computoﬁons are to be completed.

maximum cllowed relative dlsplocement (in feet) beiween weights W(]) and

W(2).

the maximum number of iteration or time history computations to be permitted. - A
the weight per foot (i.e. Ibs. per foot) cable |
the weight (in pounds) of the load in the mancoge.

the weighf (in pounds) of the headache ball above the mancoge.

the welght (in pounds) of the headache ball on the backside of the moncoge o
cable.

a variable that allows the user to input an initial or starting velocity, acceleration

and/or displacement to any of the concentrated weights or mass points specified.
That is, if: ,

a. XINIT=0.0, then no Number 5 cards or record types are required.

b. if XINIT>0.0 then one Number 5 card or record type is required for each
“unit specuf’ed for the variable XINIT. For example, if a value of 4.0is
specified in Fielc Iof the Type 4 record, then four Type 5 records will be
required for a successful run.




B.2-2 .
Descnphon of lnpuf Van ables | l
Puge Two ) ‘ : I
- XJ = the mass pomt For which the lmhul values VELORG ’ ACCORG ond SORG l
are being specified. SR
VELORG = the initial velocury (in feet per second) bemg specn fied for the | mass specified l
- by XJ on the given Type 5 record : g
ACCORG = the initial acceleration (in feet per second square) being speclf' ed for the l
‘mass specified by XJ on the given Type § record , _
SORG = the initial displacement (in feet) being specified for the mass specified by XJ ' l
on the given Type 5 record. | '
SPRCAG = the spring constant (in lbs. per foot) desu'ed between the mancoge ond its l
- headache ball N o
SPRSET = the F, force (in pounds) between the mancage and its headache ball as they .
move simultaneously together (i.e., their relative displocement is zero). B
\ ) ECABLE = the Modulus of Elasticity (in Ibs. per xq. inch) of Ihe cable. '
" ACABLE = the cross-sectional area (in sq .'inchés)'of the cable. ' I
FRICT(1) = the friction loss (i.e., a dimensionless decimal fraction) assumed lost by the - A-
" cable passing over (Support A).
FRICT(2). = the friction loss (i.e., o dimensionless decimal fraction) assumed lost by the
: cable passing over (Support B).
FRICT(3) = the friction loss (i.e., a dimensionless, decimal fraction) ossumed lost by the S
- cable passing over (Support C). _
TPRINT = the.time increment (in seconds) at which the iterative time history data is to be

outputed.

FLIMIT = a constant force (in pounds) that can be specified. If the force is a fénsion, it
should be inputed as a positive quantity
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Copy of Fortran Source Program




00010 C ﬁ FROGRAM FOR ANALIZING THE MAN_AGE "B.3-1
s DIHENSIDN N(lOO):FD(lOO)rFRICT(S)rTITLE(“O)

DIMENSION UEL(::lOO),DISP(;vlooiyﬁCCEL( rlOO);F(Oyloo)
- REAL M(iOO)'K(loo) PRINT
INTEGER ACOUNT e
- READ(S»99) . TITLE -
“FORMAT(20A4) -
0 WRITE(SHe928) TITLE -
'*'FORHﬁT(//y1X720h4;//)
00100 100 FORMAT(BF10.4) =~ ’
,CONPUTING THE LIHIT OF MﬁSS 'FPOINT. hRRhYS

00110 C
00120 € |
001320 READN(S1100) XNFyXNEsDELT » SHAX » COUNT » TPRINT » FLINIT » VERT
00140 C NOTE; IF VERT IS ASSIGNED A POSITIVE VALUE PULLEY #3 DOES NOT .
00150 C CEXIST» AND W(LIMIT) IS ASSUMED TO BE HANGING.
00160 C - : T
00170 NFs=XNHF +2
00180 NE=XNE - o
00190 LIMIT= NF + ME +1 | =
00200 FRINT = TPRINT
00210 C |
00220 C COMPUTING WEIGHTS (IN FOUNDS) WITH
00230 C WTCAGE = WEIGHT OF THE MAN CAGE"
00240 C WTPASS = WEIGHT OF PASSANGERS
00250 C WTBALL = WEIGHT OF HEADACHE EALL
00260 C WT(LIMIT) = WEIGHT OF BACKSIDE GCABLE WEIGHT
00270 G 'XL1 = INITIAL FRONTSIDE LENGTH OF CABLE ATTACHED TO MANCAGE
00280 © XL2 = INITIAL TOPSIDE LENGTH OF CABLE
00290 C XL3 = INITIAL BACKSIDE LENGTH OF CABLE ATTACHED TO ANCHORAGE:
00300 READ(S,100) WTCAEL yWTCAGE s WTPASS y WTBALL sWC(LIMIT) »XL1»XL 2y XL3
o310 C W(1) = WTCAGE + WTFASS |
00320 MC2) = WTBALL |
00330 IF(XNF . LE.0.0) GO T0O.4000
00340 - D0 400 J=3yNF .
00350 400 W(J) = C(WTCABLEXL1)/XNF
00360 4000 CONTINUE
00370 IF(NE.LE.0) GO TO 4010
00380 .  NI=NF+1
00390 N2=LIMIT-1
00400 DO 401 J=N1,N2

00410 401 W(J)= (WTCABL %XL3) / XNB
00420 4010 CONTINUE

00430 C

00440 C COMFUTATION OF MASSES
00450 DO 402 J = 1 » LIMIT
00460 402 M(J) = WD) 7/ 32,2
00470 C

004%0 F(ly1l) = W(1)

00480 C COMPUTﬁTION OF THE STATIC (I.E.r JUST EBEFORE RELEASE) FORCES IN POUND

00500 SUM = W(1)

00510 D0 403 J=2,NF
00520 SUM = SUM + W(D)
00530 403 F(1,J) = SUM
00540 SUM = 0.0

B

e




$ 00560
00570 -

0580
40590

00620
00630
005640

00640
004670
00680
00690
00700
00710
00720
00730
00740
00750
00760
00770
00780
00790
00800
00810
00820
0830

0840
00850
00840
00870
00880
00890
00900
00910
) 00920
00930
00940
00950
00940
00970
00980
00970
01000
01010
01020
01030
01040
01050
01060
01070
01080

004600
00610

00650

DD 404 J= N1vN°¢

404
4040

aoaao0o

405

406 UISPCLyJ)

c
c

407

901
5011

5012
c

ASSIGNING INITIAL VELOCITIOES,

C COMPUTATION OF THE CABLE SPRING CONSTANTS»

TF(NE. LE*O) GO TO 4040
Ni=NF+1 - ==
N2=L IMIT-1

SUM =SUM + W(J)
F(lrJ) = FC1:NF)
CONT INUE
FC1rLIMIT)

-’SUM
= FLIMIT

ACCELERATIONS AND MOVEMENTS

A+ FIRST» AS IF THE SYSTEM WAS AT REST AND THEN QUIKCKLY LET GO A
" BACKSIDE END

00 405 J=1,LIMIT

VEL(1+J)=0.0

NISFC1rJ)=0.0

ACCEL(1+4)=0.,0 X

CONTIMUE : =

ACCELC1yLIMIT) =( FC(1,LIMIT=-1) - FC(i,LIMIT) ) / M(LIMIT)
IF(VERT .GT. 0.0) ACCEL(1yLIMIT) =

C FOLOLIMIT=-1)~W(LIMIT)-F(1,LIMIT) ) / M(LINIT) ]

E. NOW ALLOWING FOR AN OVER RIDE OF THE ABOVE UELOCITIESr ACCELERA
. AND DISPLACEMENTS

REALI(S,100) XINIT

IF (XINIT.LE.0.0) GO TO 407

L = XINIT

Lo 406 I=1-L

REAL(S,100) XJryVELORGyACCORG»SORG

J=XJ

VEL.(1,J)=VELDORG

ACCEL. (1,J)=ACCORG

=50R6

1

e

K(JY» IN LES FER FOOT.
READ(S»100) sPRCﬁGraPRSET:ELﬁBLEvﬁChBLEoFRILT(1):FhICT(2)oFRICT(3)
K(1) =SPRCAG

SPRCAB= (XL1/(XNF+1)) / (ACABLEXECABLE)
DO 500 J=2,NF

K(J)=SPRCAR

SPRCAB= . (XL2) / (ACABLEXECABLE)

K(NF) = K(NF) + SPRCAB

SPRCAE= (XL3/(XNB+1)) / (ACABLEXECABLE)
K(NF)> = K(NF) + SFRCAB

IF(NE.LE.O) GO TO 5011

N1=NF+1

N2=L.IMIT-1

00 S01 J=N1,N2

K(J)=SPRCAE °

CONTINUE

U0 5012 J=2,N2

K(J) = 1.0 /K(J) .

C ASSIGING NON STRECHED CABLE FORCES » FO(J)

FO(1)=SFRSET




| . B.3-3 1
: &-‘LIMIT- 5
01100 - DO 502 J=2/N2 - R
~91110 ~ 502 FO(J) = F(lyd | '
M120 € i
01130 'C COMPUTATION OF ACKIT, THE ACCELERATION AT UHICH W(1) ﬁnn W(2) BEGIN
01140 C ND LONGER MOVE TOGEHER AS ONE UNIT. - ° \ ii
01150 ACRIT = ( W(1)= FO(1) ) /ML) | ,
01160 ~  WRITE(6»85) ACRIT | o
01170 85 FORMAT(’ /, ACRIT = »F12.4»’-FEET PER SECOND‘»
01180  1/,1X»‘POINT  WEIGHT(LES) = MASS(SLUGS) = FORCE FO(LES’, l
01190 23X,* K (LBS PER FT)’) S A
01200 N2=LIMIT-1 5
01210 DO _84_J=1,N2 l
01220 B3 FORMAT(’ ‘»2XyI3s3XrF10.3s3XsF10.393XsF10.323XrF1043) -
01230 84 URITE(&r83)JrW(J) rMCD) sFOCI) sKCI) - S
01240 WRITE(6»83)LIMIT»WC(LIMIT) yMCLIMIT) FOCLINIT) I
01250 C. | | "
01260 C BEGINING OF THE TIME HISTORY COMPUTATION WITHTHE CLOCK SET AT TIME=0.0
01270 ¢ | |
01280 TIME =0.0 '
01290 © ACOUNT=0 o
01300 CHECK=0,0 ’
01310 T=DELT - '
01320 S99 IF(ACOUNT.GT.COUNT) GO TO 99999 -
01330 " DO 600 J=1,LIMIT - o
01340 VEL(250) = VEL(1,0> + ACCEL(1s )T . l
01350 DISP(2yJ) = C VEL(1yJ) + O.SXACCEL(1sJ)XT ) ¥ T o
~01350 DISP(20J) = DISP(1,0) + DISP(2rd) R
7 01370 600 CONTINUE - I
.~ 01380 D0 601 U=31sNF . _
01390 601 F(254) = FO(J) - K(X( DISP(2sJ+1) - DISF(2,0) )
01400 IF(NE.LE.O) GO TO 603
01410 N1=NF+1
01420 N2=LIMIT-1
01430 D0 602 J=N1,N2
01440 F(2,0) = FOCJ) — K(JDX( DISF(2,041) - DISP(2sd) )
01450 602 IF( F(2+J) 4 LE+0,0) F(2sJ) =0.0
01460 603 F(2,LIMIT) = FLIMIT -
01470 IF (CHECK.GT.0.0) 6O. TO 4101 -
01480 ACHECK= ( WCLIHWC2I-F(2,2) ) / ¢ MCLIHM(2) )
01490 IF (ACHECK .GT.ACRIT) GO TO 410
01500 ACCEL (2 1) =ACHECK
01510 ACCEL (2 2) =ACHECK
01520 GO TO &14
01530 610 IF(CHECK.LE.0.0) GO TO 611
01540 6101 ACCEL(2+1)= ¢ W(1)=F(2,1) ) / M(1)
01550 ACCEL(2,2)= ¢ W(2)4F(2,1)=F(2,2) ) / M(2)
01560 60 TO 614
01570 611 DIFF=( ACHECK - ACRIT ) /ACRIT
01580 _  IF(DIFF.GT.0.001) GO TO 613
01590 CHECK =1.0
01400 T=DELT
01610 G0 TO 6101 -

™01620 613 T=0.5%T




01640
~01650
21660
01670

. 01680
01690
01700
01710
01720
01730
01740
01750
01760
01770
01780
01790
01800
01810
01820
01830
01840
01850
01860
01870
01880
01890
01900
1910
l 01920
01930
01940
01950
01960
01970
01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
102110
02120
02130
02140
02150
12160

C CUHPUTﬁTIDN OF THE REMANINIG ENDING PFRIOD ﬁCCELhRﬁTIONS
614 IF(XNF.LEC«O.0) GO TO 616 -
D0 615 J=3yNF

( U(J)+F(2:J~1) F(ZvJ) Y/ h(J)

615 ACCEL(2+,J)="
616 J=NF+1
F1 = 1 - FRICT(1)
" F2 = 1 = FRICT(2)
F3 = 3 - FRICT(3)
ACCEL(2+1Jd) = F(2)NFIKFLIXF2 = W(J) =~ F(2y0)

IFC(NBJ.LE.O) .AND, (VERT,LE.O. 0))ﬁCCEL(°rJ)—F(2»NF)*F1*F9*F3-F(27JY
ACCEL(2+J) = ACCEL(2+J)/M(D)
IF(MB.LE.O) GO TO 6181

IF(NE,LE.1) GO TO 618 |
N1=NF+2 S
N2=NF +NB
D0 417 J=N1sN2 |
617 ACCEL(2,0)=( F(25J=1) = W(J) = F(2yd) ) / M(D)
618 ACCEL(2yLIMIT)=( F(2,LIMIT-1)XF3-F(2,LIMIT) ) / M(LIMIT)
IF(VERT .GT. 0.0) ACCEL(2yLIMIT) =

1 C F(2yLINIT-1)-WLIMIT) F(21LIMIT) ) / MLIMIT)
6181 ACOUNT = ACOUNT + » :

TIME = TIME + 7T

"IF(ACOUNT.GT+.1) GO TO 1000
WRITE(&6921101) ,
1101 FORMATC(’ ‘s’ THE INITIAL OR STARTING VALUES WERE:!:‘’s/y1X»
1/ e~ e o e e i e e e ‘9/91Xy : ’
2'POINT VELDOCITY DISPLACEMENT FORCE ﬁCfELERhTION'r/r;
K R b ettt L 2 :
J=1

NRITE(6911031)JyUEL(191)vDISF(lyl)vﬁCCEL(l»l)
FORMATC(? “92XyI392XsF10.472X9F10.4+15X»F10.4)

DO 1102 U=2,LIMIT
URITF(691103)JvUEL(19J)rDISP(le)vF(lvd)rﬁCCEL(ivJ)

FORMATC(? - »2X»I392XsF10.4,2XsF10,422XsF10.373X»F10.4)
DIFS= DISP(2+2) =DISP(2s1)

IF ¢ (TWEQ.DELT) ANDJ(TIME.LT.FRINT) ) GO TO 2000

11031

1102
1103
1000

WRITE(4,1104) TIME,DIFS . ,
1104 FORMAT(//»’ TIME =/yF14.8,’ SECONDS AND (S2-S1)= ’,F14.8s/51X>»
R e ——— *y/ 91Xy
2¢FOINT  VELOCITY  DISPLACEMENT FORCE ACCELERATION’ s/
31Xy ‘mmmm= mmmmmmme eememmemee e - ———
J=1
IF (CHECK.LE.0.) WRITE(4711031)JsVEL(2»1)»DISF(251)»ACCEL(2r1) :
IF(CHECK.GT 0 )URITE(651103)JyVEL(2y1) yDISP(2,1)yF(251) yACCEL(251),
D0 1105 J=2,LIMIT . <
1105 WRITEC6,1103)J,VEL(2, 1)y DISP(2yJ) rF(25J) yACCEL(25J)
IF(T.EQ.DELT) FRINT = PRINT- + TPRINT
IF(DIFS.GT.SMAX) GO TO 99999 &
C gt

C REINITIALIZING FOR THE START OF THE NEXT TIME FPERIOD
2000 DO 700 J=1sLIMIT -

VEL(1rJ) = VEL(2,0)




02170

02180 . .

- 02190

CDISF(LlyJd) = DISF(2,9) o
v;ﬁCCEL(l;J) = ACCEL2+J0) . .
CF1,0) = F(2,4) T g

02200 700 CONTINUE
f’0°2109"-7-3 GO TD 599

22220 99999 STOF

02230 C  DEBUG INIT»SUBCHK
02240 END

END OF DATA
~
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Appendik B.4

Program Flowchart
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it A e

Iy = NriNG Y / ‘v e VAN

oo e

PAD: a -
ANFy XNB ,DELT 4 SMAX o COUMT, TPRINTy FLIMIT,VERT /

\

NF = XNF + 2

VB = XnB

LIMIT = NF + NB+ [ .
PRINT b TPRINT

i

MAD: |
WTCABL , WTCAGE , WTPASS y WIBALL 4 W(LIMIT),

W(1) = WTCAGE -+ WTPASS
W(2)= WTBRBALL

W(T = (WTCABL % XLAY/XNF
J= T+ 1 . :

h)

. (enF) )3-\ (< NF)
v




\NN2= LIMIT -/
NI =_ NI e

B.4-3

T T+ 1

W(T)-:(WﬂABL %* m3)/x~5

N

. " “.(> Ne) /.J.l\g(s N2)

\/
G

et

= MT)= wEd/32.2 I
T= T'f' !/

(£ LIMIT)

(ZLIMIT)

Fl,)) = w(1)
SUM = wi(uv

J=2

SUM= SUM 4+ W({T) 4
Fi,T)=sum I=

edVad)

Ly
LU
S
bk Y




ity il ke R

F (A, LTMIT) =FLIMIT K

Nl= NF +

J= NI

N2= LIMNIT - l>

y

SuMm= SUM + W(T) |
FUsT) = FI,NF)=s50M

T=T 4+ |

YVEL(!)T)=0.Q
PIsP(i,D =00

ACCEL (1,70=10.0
J= T+ |

' ;k (CLTMTT)

G LrmiT) |

@b*méﬁ%
y .

ACCEL(), LIMITY= [F.(n,n_x&:rf— 1) - F(I,ILI.MIT)]/M(L{[MIT)A;%

ACCEL (1, LIMTTY

N

L= XINIT
N =1

A

D"

XT, VELORE 5 ACCORG , SPRG

= [FO, um1T) - Wann
= F,LmIT) / M(LInTT)

\

f

T=RrT

VEL (15T) = VELORG _ 4\'3

ACCEL (1 9T)= ACCHRG |,

DISP(1,J) = $%e6
IT=T -+

(>L)

L

L]
(2L




[ SPRCAG . SPRSET . ECABLE « ACABLE . FRICT(1) .

FRICT(Z) o FRICT (3) /

i
| k(1)= SPRCAG o o
l~ SPRCAB = [ XLI / (xNF +] )] / (ACABLE % FCABLE )

\

K (T)= SPRCAR L
J= T -+ |

-

N _(=vF)

O NED

SPRCAB= AL2 /(ACABLE » EQABLE D
K(NF)= K I(NF)Y <+ SPRCAR

srreas = [ XL3/ (XNB+1)] [(ACABLE % ECARLE)
K(NFY= K(NF) + SPRTAR |

M= b + /
NE (>0) N2 = LIMIT - >
’\.7'= Y74

) L 1

k(@D = SPRCAR |,
kiD= 1/k(D

> ~z)/__K (< N2)
o N\ |

' T= T -+ / )
P=3J3+ | J=2 N




F.Q(l)r-‘SPRSET |
N2= LIMIT -/

T ' . B.4-6

J= 2
Y
T= T «+ |
(£ ¥§2)

ACI?IT='[W(I) - F¢(/_)]/M(/) l

)

WRITE » -
L AcRIT =" fersr " —FeET iR SECOND” | E
PPINT  WETGHT (LBS) MASS (SLUES) Fpree £ (wss) K (s per F7) [

' Ne=LImzIT - /
T = |

[ wRITE ! '
T o WITD 5 M(T) o5 FO(T) 5 k() [~ ~

e

v




Bo 4-7

S werre:

emmzr, weezwzr) HleInIT) /‘40( 4-”7'2-77 / E

..

AC¢7U - . k\IE.'s ).
N
N\COuUNT

(NR)

/ : .
\VeL (2590 = VEL (1,70 + AGCEL(T,5) wT
DrsiX2,7)= DISP LT + VEL(),T) T
/K T os% ACCEL(1yT)*T
T= T+/ .

i

4

(<LIMIT)

(>L1ni 7))

AT

FT) =Fep(T) — -
g___{_, 7. f’ﬂ(_J A&) »/Dr5P /2, -.7_'*// ozsP (2,7)/

(e NF)




: A//::Aﬂ"v‘ /
N2 = LTMIT ~/
JT= N /

.4-8

VRN NE0)

i o)

.

N

F(2,7) = FPls) - k(:{) > [p::ﬁ{b T#l) - DIkP @2, .T._)] |

(& - l |
°) = F(Z;»TJ’-'—O-O

LS

Fl2,LINIT) = FLIMIT

N\




AccEL (2,7)= [ wWili)= /-'.{a,—/)_]//.; (1)

. | i l‘(so.o)

| Awse tes = Lwees + 2,00 - ALz, 3] /102)

| Aeek= [wp) + wiz) — Fl2, 2)]/[41//) + M(z)]

> ACCEL(241) = /J(//fc/gfl >

Smem—cvn—s  +vo o n =

ACCEL(2y2) = ACHECK

I

S>— e _-—[\

| l@o D)
A

DIfF = (ACHECK - ACRTT) JACRIT

N

(s0.00)) %cymc--—/oo (\D .'>,4

7 =DELT

. - .
o o i P L T e i i e o e . . .
oy T AT S Alind RN A : -




>

eeL(57)<[13)  Fly7-) - A5 T )

JIJ= T» |

B.4-10

A~
kT =0

N '
%j—& (rz2)

J= NF +/
Fl=t + FRIT (1) e
Fz=/( + FRICTI(2)
F3=/ + FRICT(3)
ACCEL (2,7) S(Flowp) * Fix F2 ]
-W(J') -F(2,7)

hee amm e cemm e em e se e v o -

nNeD

(< VE)

- cme e am e

S

ACCEL (2,T) = ACCEL(2,T)/M(T)

4 ACEL (2, T) = [F25mF) wF1 e F2 % F3) = F(2)T)

| AL (2,T) = [F(2,7-1) = Wis)= F25T
7 7= :g-z-'f«/) =Lt ) {2’)]/”(7

S

l

) P

l\> H)

VACCEL (20 LZMT T) = [F(25LTMIT =) » £3 T
~-Fl2, lez‘r)]/M (Lzmzr)

S

TR

g
T

. .4

T

e
T ]

,a:

TIME

ACOUNT = ACOUNT + / (s0)
= TIME + T [~

)

\ERT

4

(Go>)

T <

ACCEL (24 LTMIT) = -
[Hé, LIMTT =)
- W(LINTIT)

"F(?;LIMTT?J H(Lz'a-




B.4-11

A WARITS :
L] . " r’}
THE. INTTAL QR _STARTING, VALUSS WERE * y
"RINT VELQCITY  DISPLAGEMENT FORCE  ACCELERATION

sy

\ | - |

; J’-:é->¢r;___ WEITET —
(e Ty VEL(rs1) o DEP(151) 5 ACCEL(t, 1) [

| | - —

WRITE 3 B ‘,
- Ty VEL(1,T) , DISP(N,T) , F(/sT) , ACCEL(1,T) \

[7=T7+«1]

-

]

L

1

i

L

= 1
i

|

'

.....

o (é_LIM;rr; S

y

(> LZmIT )

DIFs = DIsP(2,2) — DISP(251) &




Ty sTEETESYTY T T T T T T

5-‘) | _B.4-12 :
T= DELT
\\YES} ~
. 7]
N T(N§>
WRITE * . ‘
SIIME=" TIME “SecqNDS AMD (sz-5i) =" DIFS
"POINT  VELOCITY DISPLACEMENT  FORCE  ACCELERAT] Q:{
, e e o]
s MENTF 2 )
A TIVELIZL) < r{..h /7‘7/.’:__:_'_'_1".’,_’/
< J= PFCP \!
Eopl-mrs 'v~L¢= m”_/( 11) § ACELL(240) /—7‘
WRITE o ~_ VY
/3-, VEL(2 4, T) 4 DPISP(2, v’,), Flz.T) y Accel (zy) <__/:r'_ &
»
Y
J= T + |
FRI‘JT:: : '
AN PRINT + TPRINT
Z Y
N
VEU1,T) = \’!;LP({Z 3':._)) ’
DrspPli l’) 1y
ACCEL(1T) = ACCEL (24 T) SN (ELTIMIT)
FlIyT) = Fl2y T) ‘
J= T + |/ (>LIMIT)
= - e




Appendix B.S5

Sample Analysis




InputFJ.le .

CMANCHESTER, OHTO ~ © & o Do

B34, 1772, 13500000. L1543 .03 .03

g iy




. MANCHESTER»

ACRTT

OHTO

1h.933514—FT/QFr79Fr'__

CPOTNT - WEIGHT (LES) MASS (& LUGQ)
T - R2960.000 P1.925 -~]77?.000'
2 400,000 18.634 60 000
X 127.800 3.9469 3432, 200
4 127.800 3.9269 3304 . 400
S 127.800 3.969 3176.4600
6 127 .800 Ju by J04E . 8O0
7 127.800 3969 2921 .000
8 57.000 1.770 T 0.000
THE TNTTTAL OR STARTTING UALUES WERE:
POINT VELOCTTY NISFLACEMENT FORCE
1 Q. 0000 0. 0000 2960.000
2 00000 0. 0000 Z5H60 . Q00
-3 0. 0000 0.0000 3432 . 200
4 0.0000 0.0000 3304 . 400
5 0.0000 0. 0000 RI176.600
) 0. 0000 0. OO00 J048.800
7 0. 0000 Q. 0000 2921 .000
i 0. 0000 0. 0000 - Q.000
TIME = «01000000 QFFONU1 AND §2-81 =
FOINT VEL.OCTTY DTHE ACEMENT FORCE
1 « 0008 « 0000 1772.000
2 -« 0008 « 0000 G531 .175
3 w4717 «QO024 34644110
4 OR3P « 0001, 230N .176
] « 0004 « 0000 176,328
6 « 0125 « 0000 J020.052
7 w8374 «0021 1869 .921
f! 14,5953 0778 0.000
TIME = «QR0T0000 SECONNS ANl §R-61 =
FOTNT VELOCITY DNISPLACEMENT FORCE
1 « 0069 « 0000 1772.000
2 « 0049 « 0000 3402 . 498
3 « 6868 « 0088 I540 W 285
4 -« 1897 7 w0010 3317.511
o Q275 « 0001 F156.055
& wbhbi 4 «0016 2605.892
7 5.2080 « 0335 0. 000
88 195527 - 2681 0.000

“FORCE FOLERS)

e

»eal \J\‘ " c...\Ss ]

388 7000
13887 .000
13887 .000
13887 . 000
13887.000

ACCELERATTON

KB
"—""51 &.000

0.0000
G . QOO0
0.0000
0. Q000
Q. 0000
0L O000
0. 0000

165041088

0. 000Q0000

ACCELFRATION

L] Q—(’o?
w2607
38.8803
7. 8443
w2641
741747
257 «HESO
1056 . 3807

0. 00000000

ACCELERATION

wP724
wP724
-1 ¢ 3429
23,9291

8.4800

10644169
624 .. X706
0. 0000

T . . : L . ot
oEEEG EN N G B B E G B U e




| .0Z0S0000 SECONDS AND

K2-61

CUELOCTTY © DISPLACEMENT = FORCE

POTNT
A ~OR00 L0002 1772.000

2 -0200 L0002 T Fa77.E7L

4 4594 L0042 3345.542

5 - PB75 L0013 2993.323

& R.5041 0145 1580.419

7 11.01.38 12072 0.000

a 19,5507 4637 0.000
TIME = ~04050000 SECONIS AND §2-81 =
POINT  VELOCTTY NTSFLACEMENT FORCE

1 « 0334 OO0 177200200

2 ~0384 0005 33404123

3 « 1564 0184 3547 . 090

4 7093 ~0101 A325. 782

5 13760 ~0086 2481 . 0%

6 6.5958 ~O5HR7 473,568

7 13,2954 2441, 0.000

& 19 . 55027 5P 0.000
TIME = LOSOS0000 SECONIS ANL 82-G1 =
FOINT  VELOGITY NTSFLACEMENT FORCE

1 - O%i84 0009 1772.000

2 - O584 ~0009 AZ4D 0874

3 - 0561 0187 432,622

4 1.0376 -0186 3091 . 420

5 3.9766 = 0340 1591..297

& 11.1407 1481 0.000

7 13,3513 ~Z7604 0.000

a 19.5527 85547 0.000
TTHME = 04050000 SECONDS ANl S2-61 =
FOINT  UELOGITY NTSFLAGEMENT FORCE

1 “O77S ~0016 177:2.000

2 0775 - 0016 351 . 311

2 «1410 L0186 232,084

4 2.0101 ~0Z30 2473.329

& 7.9414 0928 658 .842

6 13.6694 “R742 0. 000

7 13.0293 5103 0.000

a 19.5527 1.0502 0.000

L 1.6501

1 .6501
=31 .9702
7 Hh6E67
565437
I22. 7900

L BES.9963

Q. 0000

G« QOOOOOOO

ACCELERATTON

1. P08,
1.9888
~3X3 0951
23,5598
180.6339
473.5940
]7.1234
0. 0000

0. 000OOO00

ACCEL FRATTON

1.963%
1.963%9
~Z. 5192
53.7681

. 345.7652

I6B.7372
=32 w2000
0.0000

0. 00000000

ACCELERATTON

1.8876
1.6876
49.0613
159.1746
424.9713
133.7993
~Z2 . 2000
0. 0000




COTTME =

| .O7050000 SECONDS ANN S2-81 =

FOTNT  VFLOCTTY NTSE ACEMENT FORCE
1 L0978 L0025 . 1772.000
R L0978 0025 3301 .582
3 9702 0P34 RETP . 2R4
4 4,.3263 0634 1509.169
5 11 .8634 -1927 91.147:
& 14 .2287 « 4149 0.000
7 12,7073 wOEPO O OO0
a8 19,5527 1. 2458 0.000
TIME = LOB050000 SECUNLS AND 8$2-81 =
FOINT  VELOCTTY NISPLACEMENT FORCE,
1 L1282 ~0036 A772.Q00
2 L1280 L0036 3101.979
3 2.6752 0410 2275.612
4 8.0132 L1243 5024, 401
5 14.0807 32473 0.000
é 13,8284 . S556 144 ., 686
8 19.5527 1.4413 0.000
TIME = OP050000 SECONIE AND S2-81 =
CFOTNT  VFLOCTTY NISPLACEMENT FUORGE
1 1872 L O0%1 1772.000
e 21872 . 005 DEET . 409
3 5. 3675 0804 1431 .019
4 11.9328 . 2245 0.000
5 14.20261 LETR 83 .352
é 12,0214 » GFO0 262.073
7 12,7209 .8907 0.000
a 19.5527 1.6368 © 0.000
TIME = 09712500 SECONDS AND §2-81 =
FOINT  VELOGCTTY NISPLACEMENT FORCE
1 - 25554, 0066 177:2.000
) 2 - 2556 ., «00&& 133,220
3 7.5109 . 1230 a38.380
4 13 . 6448 . 3098 0.000
5 1.32. 7860 <SH0] 196 . 622
é 12.5922 w7747 257,914
7 12,9502 T L 0.000
8 195527 1 w7684 0. 000

' o,ooooOQQQiﬂ;;

0. 0Q0QOOOO

ACCEL ERAT TON.

C2.3374
2.33574
124.8731
JI12.9764
32T.0792
=P« 2348
= 20

0« 0000

Q. QOOOOOO0

ACCEILERATTION

4.1428

4.1428
223 . 6055
A0 5245
100 . 4301
-6 . HTHT

G o 2545

O W QO0OCG

ACCELERATTON

8.3448"
8. 34443
J12.3262
328 . 341
~53 « 2009
—7¢ = 2299
33.8308
0. 0000

0 . 00OOOOGN0

ACCEL FRATTON

12,9051
12.9001
TR26.7754
179 ..03%1
=81 .7401
=47 « 6430
2. 7831
0.0000




TTHE =

10012500 SECONUS AN 62-81 =

FOINT  UFLOGCITY NISF ACEMENT

1 - 2883 R eloy 1771 .95,

2 " 2007 L0073 1896.062

3 8.3291 =143 629 . 826

4 14.0437 « 3449 0.000

= 13.5686 <5948 226.807

& 12,4859 ~RO6S 241 .940

7 13,0095 1.0086 0.000

e 195527 1.8159 0. 000

TIME = « 11012500 SECONUS ANU S2-51 =
- POINT  VFLOCTTY NTSPLACEMENT FORCE

1 ot 78 -0108 1763.273

2 8318 0125 764 . 459

3 10.945%5 " 2406 0.000

4 14,4713 - 4868 19.7972

5 12.5129 o 725k 28,127

& 12,4036 «PIOS 139 . 945

7 1%, 2023 141399 0.000

2 1955527 2.0114 0. 00O

TIME = LA2012800 SECONLIS AND 82-81 =
FOTNT  VFLOCTTY NISPLACEMENT | FORCE

1 5499 w0157 1714.612

3 11 . 0940 - 3535 0.000

4 13.7523 6306 J09.803

5 11.8043 - R462 R69.026

& 12.6330 1. 0556 47 . 364

7 13.1126 1.2717 0.000

a8 19.5527 2.2069 0.000

TIME = »13012500 SECDONDS AND S2-81 =
FOINT VFLOCITY DTSF ACEMENT FORCE

1 6904 L0218 1599 . 893

2 X 7025 L0542 —1322.168

3 8. 3360 D L4527 O 0.000

4 12,3918 w7617 487,267

S 11.9924 " PEH4T; 145.419

6 12,7764 1.1828 10,150

7 12,8535 1.4016 0. 000

8 19,5527 2. 4024 O w000

FORCE

. .00000931

AECEL ERAT TON

12,9241
AG 6393
F1T..9289
126, . 4891
=21 « BEHO
=33 . 4934
s Pt o
0. 0000

~OQ1HALT70

ACCELERATTON

13.0165
5. 8030
172.14Q1
~R7 . 1867
-~ 10V BE7Q
1542136
3.0601
Q. OGO0

01041911

ACCELERATION

13.5260
148.6069
~153.1428
~110.2067
=21 .9260
23X . 6469
=20 . 2662
0. 0000

» 03237531

ACCEL ERATTON

14.7958
1189.0172
~J85 . 6158
=154 W PEPY
39307
1.8819
~29 6427
Q. QOO0

Ba 5‘5




T 14012500

FOINT

SECONIS . AND  §2-

[NRUDOIN =

TIME =

L .R483

Neb276

4. 0637
10.8912 .

12,5793
12.469469
A2.55827
19.5527

« 1501 2300

LRy

8779
1.0874
1.310%

1.5297
2.89R0

BECONIS ANy §2-61 =

FOINT

VEL.OCTTY

NTSFLACEMENT

W=

N2

1.0333
7. 3290

BEEATRS
?@.9351
12,6799

12.5162

12.30&9
19.5527

~END OF FILE-

« O3B
w1460
» SI3VH4
« P81 4
1.2145
124364
1L« 6530
PLTPRS

FORCE
1096 .234
~P&b 550

. 000
&7.511
?4.019
41 . 890

Q.. 000

0.000

0.00’0’ S
“‘fﬁ19].235ﬁi “'
16.699

(VI T¢” ¢ RINP
0.000

S 188.307%

AR ASGTL
~131 . 6580

4607903

~15.9397
27 PV
0.0000
12711928

ACCEL FERATTON

E 7.0494

2O L2740

- 142.9027

290, 5591
- 4D 2OYD
~38 . 8799
19 Q657

=21 . 6406

Q. 000G

ACCELERATION -

. _
' T R e

i Bew D R

e

. E . o




Appendix C.
Oscillograph Plots
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Appendix D

Metallurgical Report on
Clamping Cams .




10 k. W. Snook

DATE July 10, 1980

SUBJECT ........Metallurgical.Examination.=..Crack..Indications ..wm
Mancage Safety Clamps - Manufactured by (ITT)
Meyer Industries

oM E. F. Gerwin

References: (1) Meyer Industry Installation Operating Instruction Manual ;
. Cracked Cable Safety Device,-Inclusive of Skematic Sketch.

(2) R. Porthouse (PPP) memo to E. F. Gerwin (July 3, 1980)
Transmitting Three (3) Separate Clamps ,

Three clamps as received (ITT skecth Ref I, Part No. 50613) consisted of
a cam plate noted to be Type 304 S. S. (1/2'" x 2-1/4" x 10'"), vwhich on one
(working) end contained a weld metal 'build up" composed of a hard facing alloy
~ (unknown composition); about 1/4" thick on a 2 1/2" radius.

_ . . Visual Examination showed radial cracks existing in-the hard facing alloy

. -in all 3 clamps. Their radial length varied from full depth, to partial relative - -~
“-. to the 1/4" hard face thickness; also on subsequent examination by microscopic . .
means internal cracking evidence was observed which did not meet the outside

surface. In no case however, did any of the crack evidence extend into the

Type 304 base plate.

. Initially the crack indications were discovered after on site safety tests -
were made; Numbered Cam #1 after 6 actuations; numbered #2 and #3 after 144
actuations (Reference 2 above). .

The PPP Williamsport Metallurgical Lab chose Nos. #1 and #3 for examination
by microscopic means. No. 1 contained notable "opened', radial ‘crack through
the hard faced thickness; No. 3 (and as well No. 2) contained multiple 'hair-
line'" cracks at the outside surfaces. - T

Incidental with these examinations the hardness of the hard facing alloy
was explored. The Rockwell Hardness was found to range from Rc 32 to 38 (BHN-
300-352) not exceptionally high hardness, but apparently adequate for the intended
service. The Manufacturer's Standard is not known. Evidence was discovered
which shows that hardness checks were probably made and were consistent with
PPP findings. ' '

+ The results of microscopic examinations are shown in the attached series
of photomicrographs (Fgis. 1 - 4 incl.).




. . D=2
R. W. Snook - . oarw July 10, 1980

sussens Metallurgical Examination - Crack Indicatior

©. | Mancage Safety Clamps - Manufactured by (ITT) beer Industries .

° pAGE NO.

“Figi. 1 (Cam No. 1) shows the bond or fusid_h }z'o'i_iev"é.t the 't‘ype 304”'.,'5..8_._.' o
interface., It demonstrates a good metallurfical fusion, and penetration between 4
the S.S. and the hard facing we ild up composition. IR

Fig. 2 ‘(C'am.No. 1) shows the crack opériing at the surface (b) and the
terminal (a) at the bond line. It is significant that there is no evidence
. of propagation into the 304 S.S. base plate. : .

Fig. 3 (Cam No. 3) shows the character of the hairline cracks discovered
in this piece in the hard facing alloy. The radial depth in this case was
about .90 mil (a-b, b-b). - :

Fig. 4 (a) (Cam No. 3) shows an internal crack in the hard facing alloy
. vat about "mid" thickness which did not meet the outside surface. For the record
Fig. 4 (b § ¢) is a 400 magnification of the crack pattern discovered. This
is essentially the pattern of all the cracks observed in the microscopic exami-
nation. :

DISCUSSION OF RESULTS

The crack pattern (as noted) describes the phenomenon which is variously
____known, reclative to cast metal, as interdendritic or coring which takes place
" “at the on set of solidification and attendant shrinkage. It is, as shown,
" characteristically intergrannular and in the case of this (unknown) hard facing
composition, through the eutetic carbide precipitates at the dendritic grain
boundaries. : : .

_ It is therefore inherent (more or less) in the deposition process, and
is augmented by variations in heat-input; deposition rates and to a very large
extent by cooling rate at the melt pool. It also may vary widely from one
composition to another and from chemical segregation in any one composition.

. R .
B - . "
il T 7 PO ok o b N b . .

It is not entirely unavoidable especially in relatively thin cladding
. process effected by weld deposition.. ¥

The important consideration for'the intended service (in this case particu-
larly) is that 'spalling off" of the clad is not a direct result. There was
no evidence of this discovered in any of the samples submitted. It is believed
that the good fusion, and coalescence at- the boundary region (304 S.S. to weld
deposit) will inhibit (if not prohibit) this occurence. Also significant is
the fact, that due to the customary toughness inherent in the 304 S.S. plate
that the radial cracking discovered would not propagate this boundary.

i
b _

B
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ne:no

2. ‘The vendor (manufacturer) should be admorushed to use precautlonary process

- ——

R. W. ONOOK vaic

Matallurglcal Exammtlon Crack Ind1cat1ons A
v Mancage Safety Clamps - Manufactured by (ITI') Meyer Industnes

- 5

T0:

As stated above, av01dance of VthlS type of crackmg is not always p0551b1e.
On rcsoluuon is careful post welding inspection by aided means i. e., dye
penetrant inspections and. excavatlon and weld repair of dlscovered surface

) checkmg or crackmg. :

CONCLUSIONS AND Rsca\r»mnoxs |

1. Crackmg as noted stems from the welding process employed it is'not due "
to the- servzce or testing experience.

measures to minimize the occurrence; and to use post welding inspection
- and repair procedures which will mltlgate the poss:Lb:Ll:Lty of these prior

Attac}nnents
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Appendix E_

Stiffness Effects of
Safety System Components




'c |c+_ Bmk ot caf_— Cagf

7772778702807, YISy
5’1% ' %92
M
] " !
. . M
. [N
4
“Daitiol ) }M'.ox\'vnum
<ot Deflecty own

The Vc\fCILY a1 \oo'\.\n SVotee o u) veo \Wvela c\)r:q\/ 2 Q.
—r::\.a\ ke \o*/ g

. Lp.a.d E2

st 2t Skats 3 -

W (n+ 52)

F* 2ZWF -2kWh = O

F = W+ VW 2ZkWh |

Fe=wrlw(1+2z% \,,)

F=wh +\ﬁ+zwz‘-"3—_}- whave (P
= W+ \ﬂ+(wt§?] l where = bak

Note? winF = 2W




Iwitial ' M2asvn uma
':,\..-'l.}l e (\.l? el .
(a.=0) .

VC\OL\‘{.\/ '.)L VY AX VA Am(lac‘\.;'r:‘ \-c‘ O.

oSt L Mg(hra) +3MuT W) FEWE
< ele 2 '-!ikﬁz' =3 -.\EE-
F* —2WF - 2k\Wh _W\LY%-— =6
Fr W (Wt 2kl wichs ! |
St wz-,%- and. h= %ﬂ,ﬁ -\-\l‘,{u

F- Wi T+ o (e ke +\%:)‘]

Few [+ (1 o (eaty |

. I . ’ . okt :
Ry ¢ BN Lot PR
i - ; S . .
- . ; _4" e " s -
. B . g . s
. SIS pelids RPR R K - R VEEN




Appendix F.

Endurance Testing Results




Table F.1 - Endurance

Set 1 - 6/30/80 .

Cage Height Cage Height Safety‘Dévice;

Test # Before Drop After Drop = Actuation
(inches) {inches) ' '

. E101 43 3/4 42 1/2 S worked
E102 52 7/8 51 3/4 worked
E1l03 = - 55 7/8 54 5/8 o worked
El04 43 7/8 42 1/4 : worked
E105 46 1/2 - 45 3/8 worked
E106 66 3/4 65 1/2 worked
E107 75 3/8 74 1/8 worked

. E108 70 1/4 68 7/8 worked
E109 75 1/2 74 3/8 worked
E1l1l0 32 1/8 30 3/4 worked
E11ll 37 35 7/8 worked
Ell2 41 3/4 40 . worked
El1ll3. 48 5/8 47 1/2 worked
Ell4 57 7/8 56 1/2 worked
E1l5 69 1/4 67 7/8 worked
Elle 75 5/8 74 1/4 worked
E117 28 7/8 27 1/2 worked
E118 35 5/8 34 : - worked
E119 42 5/8 41 3/4 worked
E120 50 1/4 . 49 worked
E121 61 1/4 60 ' ~ worked
E122 69 1/4 67 7/8 worked
E123 74 7/8 73 1/4 worked
El24 31 29 5/8 worked
El125 . 37 7/8 35 3/4 worked
El26 43 1/8 42 1/8 worked
E127 50 1/2 49 1/8 worked
E128 56 1/2 - 55 1/4 worked -
E129 63 1/2 62 1/2 worked
E130 71 1/2 70 1/4 worked
E131 78 1/2 A 77 3/8 worked
E132 26 3/4 : 25 1/8 worked
E133 : 35 1/4 34 worked
E134 41 5/8 40 1/8 worked
E135 46 3/8 44 7/8 worked

E136 51 1/2 50 worked




Test #

E201
E202
E203
E204
E205
E206
E207
E208
E209
E210
E211
E212
E213
E214
E215
E216
E217
E218
£219
E220
E221
E222
E£223
E224
E225
E226
E227
E228
E229
230
E231
E232
E233
E234
E235
E236

22
30
37
46
52
60
70
77
29
30
37
45
53
58
64
69
76
27
31
36
41
45
50
57
67
72
72
25
30
36
43
51
59
64
68
72

| Tabie F.

3/4
3/4

7/8

3/4
1/2
1/4
1/2
3/8
1/2
1/2
3/4
7/8

1/4

3/4
1/4
1/4
3/4

1/2.

3/4
7/8
3/4
3/4
3/8
1/8
1/2

1/2

3/4
5/8
1/4
172
172
1/2
3/8
172

20

29
- 36

44

- 51

59
69
76
25
28
35
44
51
57
62
68
74
25
30
34

2 - Endurance Testin
 Set 2 - 6/30/80
- Cage Heightuli$Cége7Heigh£ﬁy

- Before Drop.—_.._
(inches)

After Drop =

1/2
5/8
1/4
7/8
1/2
172
1/4
3/8
3/8
7/8
7/8
1/4
3/4
172
5/8
3/8
7/8
1/2
1/8
7/8

7/8
7/8
1/4
3/4
1/2
3/4

7/8
172
3/8
1/2
7/8
1/2
7/8
1/4

_ Safety Device
Actuation

worked
worked
worked
worked
worked
worked
worked
worked
worked

- worked

worked

worked

worked
worked
worked
worked

worked
worked
worked
worked
worked
worked
worked
worked
worked

"worked

worked
worked
worked
worked
worked
worked
worked
worked
worked




F-3 II

S : Cage Height  Cage Height  Safety Device ’
Test ¢ Before Drop — -After Drop = Actuation

- (inches). - (inches) _ ' I
E301 37 7/8 35 7/8 worked _
E302 : 44 7/8 43 1/8 worked "I
E303 48 1/2 45 3/4 worked
E304 53 1/2 51 3/4 - worked '
E305 - 63 1/8 61 1/4 worked l
E306 69 1/2 67 1/2 worked
E307 73 7/8 71 7/8 worked
E308 24 3/4 22 3/4 - - worked
E309 31 1/2 29 7/8 worked I
E310 35 3/8 33 1/2 worked
E311 42 1/8 40 1/4 worked
E312 48 1/8 46 3/4. worked A l
E313 - 53 1/2 51 7/8 o worked .
E314 61 3/8 . 59 5/8 , worked
E315 69 3/8 68 " worked l
E316 73 1/4 71 3/4 worked
E317 20 5/8 18 5/8 worked T
E318 » 29 1/4 , 27 3/4 : worked '
E319 35 33 3/4 worked I
E320 48 1/8 . 46 1/2 worked L
E321 57 7/8 51 1/8 worked T
E322 58 7/8 57 3/8 worked l
E323 ‘69 1/2 64 7/8 worked 3
E324 . 72 5/8 71 1/8 : worked '
E325 74 3/4 73 3/8 worked
E326 23 1/4 21 1/4 worked
E327 25 1/8 23 1/4 worked
E328 34 3/4 33 worked
E329 44 1/4 42 1/8 worked
E330 46 3/4 44 3/4 worked
E331 50 1/4 48 5/8 worked
E332 54 5/8 52 1/2 worked
E333 60 1/2 58 7/8 worked
E334 66 3/4 65 1/4 worked
E335 75 3/8 73 3/8 worked
E336 56 1/2 54 3/4 worked

L




Test #

E401
E402
E403
E404
E405
E406
E407

‘E408

E409
E410
E411
E412
E413
E414
E415

"E416

E417
E418
E419
E420
E421
E422
E423
E424
E425
E426
E427
E428
E429
E430
E431

- BE432

E433
E434
E435
E436

Cage Height
Before Drop
(inches)

- 56
58

o set 4 -7/00/80

1/4
1/4
1/2
1/2
172

1/8

1/8

3/4
5/8
1/8
1/4
7/8
1/8
1/4
7/8
1/8
1/4

7/8

1/8
3/4
1/8
1/8
1/8

1/8

5/8
5/8
7/8
1l/2

1/4
5/8
1/2

“T‘Tablé F.4f-.Endﬁréﬁce;Té 3

'Cage Height
After Drop
(inches)

5/8
1/2
5/8

5/8 -

3/4
1l/2
1/4

1/2.

3/4
3/4

1/8.

3/8
7/8
1/4
1/2

“1/2

3/8
1/4
1/8
1/8
7/8
3/4
1/4
1/2
1/2
1/4
5/8
7/8
7/8
3/8

3/8
1/8

Safety Device . .

Actuation

worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
worked
~ worked
worked
worked
worked
- worked
worked
worked
worked
worked
worked
worked
worked
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tm Robcrt M. Mertin, Cha*rman

Dear

vational Chimney. Coqstruction Safeuy
»und Kealth Advisory Ponn**tee
‘Pullmzn Power Products .

1575
Kansas City, Missouri 68120

North Unilverszl Avenue

Nr. Martin: - . |

v

The following obs ervatioes/huestionu were made by our engineering
staff in the Office of Gonstruction Standards cencerning your v
report on the broken .cable safety device used on the personnel cage':

l‘.

9.

Sincerely.

James J. Concannon

Director : X
O€fice of Variance letermination

”under uhat conditions did failure occur°

flooxr of thc cage?. ...:

-Tables in t1c bocy of the report are not cJear.
" Also, how is this adjustiuent maintained and how quickly is

Iiow is the 200 1b. tension,-or'edequate'tenSion, mainteiﬂed

~‘-....

Since the body of the renort implies that there were failu‘es

Vhat forces. including.la erallnotion, were experienced at the.

.'l" - » s [ 4
What vype ol bteeW wire rone was usea?

Procedures for adjustinr the safl ty device are not detailed.

it out of a2djustment when used?

in the Sarety cables at the foundation ends for long lengths

Computer nrertout does ‘not give unit of measure, i.e., fore
distance, etec. SRR

R . ‘,.'
.

Wnat correcuive gctiofs’ have been taken to eliminste the dee'
cracks in the safety device {(see. metal*urgical report on
clamping cams in Appendin D)

The computer program is missing the ﬂathematical fo“mula in
the computer preseniation that was used to develop this pror
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